Objective This study aimed to compare intubation performance between blind intubation through supraglottic airway devices and direct laryngoscopy by novices under manikin simulation. We hypothesized that the intubation time by novices using supraglottic airway devices was superior to that with the Macintosh laryngoscope (MCL).
INTRODUCTION
Intubation is one of the most important procedures related to prognosis in severely ill patients. 1 Tracheal intubation is considered the gold standard for protecting the airway. 2 However, the success rates for intubation are variable depending on airway structure, a patient's clinical status, practitioner's skills, and so forth. 3, 4 The European Resuscitation Council guidelines for cardiopulmonary resuscitation (2010) recommend that intubation be performed by experienced and trained personnel only. 5 Many health care providers do not have the requisite knowledge and enough practice to perform safe and quick intubation. 2 For these providers, supraglottic airway devices (SADs) can be a valid alterative. 2 SAD insertions do not require laryngoscopy and can be used by untrained personnel, or when tracheal intubation is impossible. 2 SAD has the advantage of easier use without examining the vocal cords in a difficult airway. While tracheal intubation requires effort and time to maintain skills, SADs do not. 6 However, SADs are limited in their ability to completely maintain and protect the airway. For this reason, blind intubation is required through a SAD after insertion. Many SADs have been developed and many studies have evaluated blind intubation through SADs. LMA Fastrach (Laryngeal Mask Company, San Diego, CA, USA), is one of the SADs developed for tracheal intubation. 7 It enables intubation, but has a high price, is inconvenient to use, and requires dedicated equipment. SADs can also be used as conduits for fiberoptic bronchoscopy-guided intubation or blind intubation without bronchoscopy. 7 However, there are few studies of intubation performance using blind intubation through SADs compared to direct Macintosh laryngoscopy (MCL) by novices. The aim of this study is the evaluation of intubation performance by novices using MCL and SADs under manikin simulation. We hypothesized that the intubation time by novices using SADs was superior to that for MCL.
METHODS

Study design
We conducted a randomized, open-label, crossover simulation study to evaluate intubation performance using 3 SADs and MCL. This study was performed at Gyonggi-do fire service academy in May 2015. The local ethics committee approved this study.
Participants
The sample size was calculated based on a previous study regarding the ventilation time required for intubation. 8 The intubation time (mean ± standard deviation, second) in that study was as 7 The endotracheal tube (ETT) was lubricated with water-based jelly before insertion.
Interventions
All participants completed a brief questionnaire consisting of demographic information (age, sex, and licensure) and working experience as a health care provider (Table 1) . Before starting the trials, instructors gave lectures for 2 hours about endotracheal intubation (ETI) and SADs. Participants had 50 minutes of practice time with each device to familiarize themselves with all devices and perform intubations on the Laerdal Airway Management Trainer. Ninety-five participants were enrolled, and were randomly allocated to 4 groups: group A (n= 24), group B (n= 24), Young Yong Kim, et al.
group C (n = 24), and group D (n = 23) (Fig. 1 ). The random order was generated by a sequence generator (http://www.random.org).
After being allocated to a group, the participants performed intubations in sequential order. Independent evaluators were allocated to each device group and used a stopwatch to measure intubation time. They evaluated the success of intubation. All participants performed 3 intubation attempts with each device when allocated to a group. Hence, each participant in each group attempted a total of 12 intubations using 4 devices. Participants had a 10-minute break after 3 intubation attempts for each device. For MCL, placing the manikin's head and neck in a sniffing position was performed by utilizing rolled sheets. Participants inserted the ETT through LMA Fastrach in a reverse orientation, with the concave bend facing posteriorly. For the i-gel, the ETT was inserted by 90° counterclockwise rotation maneuvres.
Outcomes
Primary outcomes were the intubation time and the success rate for intubation. The intubation time was measured for 4 sequential procedures by intubators: picking up SAD or MCL, complete insertion of device, successful insertion of ETT, and successful first ventilation. Time required for SAD insertion (device insertion time, DT) was defined as the time from picking up SAD to complete insertion into the manikin. For MCL, DT was alternatively defined as the time from picking up MCL to complete exposure of the larynx. 8 Time required for ETT insertion (tube insertion time, TT) was defined as the time from picking up SAD or MCL to successful insertion of ETT. Besides MCL, TT was measured for the time required to perform blind intubations through SADs.
Time to first ventilation (FVT) was defined as the time from picking up SAD or MCL to successful first ventilation. Successful first ventilation was confirmed by chest rise of the manikin on bagging with a bag-valve mask. Intubation failure was defined as esophageal intubation or exceeding the time limit of 60 seconds.
Statistical analysis
The data were compiled using a standard spreadsheet application (Excel, Microsoft, Redmond, WA, USA) and were analyzed using the IBM SPSS Statistics ver. 22 (IBM Corp., Armonk, NY, USA). We Blind intubation using supraglottic airway devices generated descriptive statistics and presented them as frequencies and percentages for the categorical data and median with interquartile range for the continuous data. In comparison of the intubation time among the 4 devices, the Friedman test was used for continuous variables. A post-hoc analysis was conducted with the Wilcoxon rank-sum test using the Bonferroni correction. The Kaplan-Meier analysis was performed to analyze the cumulative success rate regarding intubation time. A post-hoc analysis was also performed using the log-rank test with the Bonferroni correction. For all analyzed data, P-value was calculated by two-sided tests and P< 0.05 was considered statistically significant. In contrast, in post-hoc analysis, P< 0.0083 was considered significant.
RESULTS
Ninety-five participants were enrolled (Fig. 1 ). There were no exclusions in our study. The baseline characteristics of the participants are shown in Table 1 . DT and TT for i-gel were significantly shorter than that for the other 3 devices, whereas DT and TT for LMA Fastrach was the longest among the 4 devices (all P<0.0083) ( Table 2 ). FVT using 3 SADs was the shortest for the i-gel and air-Q (all P < 0.0083; i-gel vs. air-Q, P = 0.03). However, FVT for LMA Fastrach was the longest among the 4 devices (all P<0.0083) ( Table 2 ). TT-DT was the shortest for i-gel among 3 SADs (all P < 0.0083), and that for i-gel was not significantly different from MCL (P = 0.05) ( Table 2 ). FVT-TT was the shortest for air-Q among 3 SADs (all P < 0.0083) and that for LMA Fastrach was the longest among the 4 devices (all P < 0.0083) ( Table 2 ). The i-gel and MCL showed the highest cumulative success rate (all P < 0.0083; i-gel vs. MCL, P = 0.12). In contrast, air-Q had the lowest cumulative success rates among 4 devices (Fig. 2) . The success rate for air-Q was the lowest among the 4 devices within 3 intubation attempts. Air-Q showed persistently low success rates, even when the number of intubation attempts increased (Fig. 3) . 
DISCUSSION
It is usually difficult to perform intubation in prehospital emergency care because of patient position and lack of sufficient support for ETI. Training and maintenance of ETI skills in novice health care providers is also expensive and time-consuming. 6 Studies on ETI and SADs have been performed for prehospital emergency care. 6, 9, 10 Based on these studies, SADs are needed for early airway management. Tracheal intubation through SADs is also required in prehospital emergency care. In this study, i-gel DT and TT-DT were shortest (Table 2) . These results were the same as in previous studies (Table 2) . 7, 11 Because i-gel is a non-inflation-cuff device, it could be inserted easier and faster than an inflation-cuff device such as a LMA Fastrach. 7 In contrast, as in a previous study, we found that LMA Fastrach took the longest time for DT. 12 The insertion time was prolonged because of the rigid structure of the devices during insertion, and because inflation of the cuff requires more time. 7 One study reported that LMA Fastrach showed shorter tube passing time than air-Q. 12 This may be due to use of a specific tube for LMA Fastrach that is wire-reinforced, and a soft-tip PVC tube is not standard. We considered that the use of a non-flexible PVC tube prolonged the tube passing time for LMA Fastrach in our study. 13, 14 For this study, we chose the SAD insertion maneuvres that showed the highest success rate in previous studies. 11, [15] [16] [17] Additionally, PVC ETT was used for all 4 devices. For cumulative success rate, i-gel was the highest among 3 SADs and not significantly different from MCL (Fig. 2) . In contrast, the success rate of blind intubation through i-gel was lower than that for LMA Fastrach in previous studies, as compared with those of our study. 7, 11, 18, 19 However, we considered whether the difference was related to the intubation experience of the participants or type of tracheal tube, and whether the manikin or patients had an effect on the results. In previous studies, experts in intubation rather than novices performed intubation on patients or manikins. 7, 11, 18, 19 Although they
were not used to blind intubation through i-gel or LMA Fastrach, there was the consideration of adaptation to new equipment (SADs) because of proficiency with intubation. We also surmised novices preferred the easy teshnique and simplicity of i-gel, compared to LMA Fastrach, unlike the experts in intubation. 20 These characteristics of i-gel might result in better intubation performance in a novice. A study by Theiler et al. used a reinforced 7.0 mm single-use ILMA tracheal tube, as compared to our study using a PVC tube. 19 We considered that the success rate of blind tracheal intubation using LMA Fastrach was influenced by the type of tube used, and a PVC tube through LMA Fastrach resulted in a lower success rate for blind intubation in our study.
21
Both i-gel and air-Q were faster than other devices for FVT (Table 2). We assumed that either the short TT-DT for i-gel or the short FVT-TT for air-Q resulted in an overall decrease of FVT. The success rate for intubation using i-gel was almost as high as with MCL. Hence, i-gel was felt to show overall good intubation performance. However, air-Q showed the lowest success rate, with frequent esophageal intubations (Figs. 2, 3) . These results were consistent with those of previous studies. 12, 22 The reason was supposedly because the elevation ramp of air-Q for facilitating intubation was insufficient to guide the ETT toward the laryngeal inlet correctly. 23 There were several limitations in our study. First, we used an airway manikin to simulate a normal patient airway. Thus, the measured intubation performance in this study could differ from that of actual blind intubation through SADs. Secondly, we only used a PVC ETT in this study. However, it has been reported in several studies that the use of a wire-reinforced ETT improved intubation performance. 14, 21 Therefore, the effect of a wire-reinforced ETT on intubation performances needs to be reevaluated.
In conclusion, blind intubation through i-gel showed almost equal intubation performance compared to direct laryngoscopy. More studies on tracheal intubation through SADs in prehospital emergency care should be conducted.
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